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Body weight and twelve body measurements taken on fifteen ewes and five rams of the Zambian 
indigenous Fat-tailed were analysed. The sheep were extensively managed in the Southern and driest 
part of Zambia. The aim of the study was to achieve a preliminary assessment of type and function of 
the breed based on zoometrical indices produced from combinations of different morphometric values 
obtained from the field. The body measurements used were body length, cannon perimeter, chest 
depth, head width and length, heart (thoracic) girth, hip length and width, rump height, head width and 
lenght, and withers height. From these linear measurements there were derived eleven indices: Body, 
cephalic, cranial, dactyl–thoracic, depth, foreleg length, height, height slope, pelvic, relative cannon-
thickness, rump-length and weight indexes. The tested indices showed that Zambian indigenous Fat-
tailed sheep are mildly productive meat animals. The respective coefficient of variation between breeds 
(flocks/herds) indicates the amount of opportunity available for improving the breed through selection. 
The need for further investigations is presented but as a matter of fact a separation of Zambian fat-
tailed sheep breed from the others could be suspected. 
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INTRODUCTION 
 
Indigenous sheep breeds are an important storehouse of 
genetic materials due to acclimatization to local, 
sometimes harsh environmental conditions, nutritional 
fluctuations and resistance to diseases and parasites 
(Nsoso et al., 2004; Kunene and Fossey, 2006; Kosgey 
and Okeyo, 2007; Galal et al., 2008). 
Conservation of indigenous animal resources has been 
proposed as a method for slowing down the loss in 
diversity in livestock breeds through extinction. Apart 
from preventing extinction, conservation of indigenous 
breeds is also important for the future health of the 
animal industry globally as they could  be  a  resource  for 
novel genes that can permit sustained genetic 
improvement as well as enabling adaptation to changing 
breeding objectives and environments (Notter, 1999). In 
order to ensure proper conservation and utilization of 
indigenous breeds, it is necessary to evaluate genetic 
variations that exist within and among breeds (Kunene et 
al., 2009a). A large proportion of indigenous livestock 
populations in the developing world are yet to be 
characterized or evaluated at phenotypic and genetic 
levels (Kunene and Fossey, 2006). This breed is not 
included in the list of breeds for Zambia in the Domestic 
Animals   Diversity-Information   System   (DAD-IS)   FAO  
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database (2000) which monitors the status of breeds in 
the world (Consult: 2011). Pourlis (2011), who surveys 
the literature pertinent to some morphological traits which 
are related with the production and reproduction of fat-
tailed sheep breeds, does not cite it, nor do Marai and 
Bahgat (2003). Evidently it does not appear in the 
Wilson’s review (2011). But some references of the breed 
are included in Mwenya (1992) and Carles (1985). It 
would fall into the category of the “African long fat-tailed 
sheep” as described by Gatenby (1991) but probably 
there are enough differences to consider the Zambian 
Fat-tailed sheep as a different and exclusive indigenous 
breed type. Possibly the Zambian Fat-tailed sheep could 
be classified into different ecotypes and strains, 
depending on their geographical distribution and the 
ethnic community keeping them. Nevertheless, this 
sheep forms a valuable genetic resource for the 
sustainable utilization of the arid and semi-arid lands of 
Zambia, where economic and technical considerations do 
not generally allow any cost-effective modification of the 
natural environement to permit their sustainable 
utilization.  
Morphological measurements have been traditionally 
used for characterisation of native sheep breeds by many 
researchers. Furthermore, external body measurements 
have been studied to predict body weight (Sharples and 
Dumelow, 1990; Aziz and Sharaby, 1993; Janssens and 
Vandepitte, 2004; Afolayan et al., 2006; Sowande and 
Sobola, 2008; Kunene et al., 2009b), as well as to predict 
carcass characteristics (Stanford et al., 1998; Kiyanzad, 
2004). Since none of the morphological parameters for 
Zambian Fat-tailed sheep has previously been studied, in 
the present work we analysed 13 body linear 
measurements and eleven indexes, to characterize this 
breed. Although, the population of indigenous sheep in 
the country is small, it offers tremendous potential for 
exploitation as income and food resource for the 
smallholder farmers in the agriculturally marginal areas 
(Mwenya, 2001). A major handicap is the lack of 
biological information on indigenous sheep on which to 
base genetic improvement and management strategies 
(Mwenya, 2001). 
The indigenous sheep in Zambia are mainly confined to 
the South, North and Eastern part of the country 
(Mwenya, 2001) where it is managed under extensive 
conditions in the semi-arid regions. Little is known about 
the origin of this Zambian sheep, but they are believed to 
have descended from the Hotentots and East African 
breeds (Mwenya, 2001). It is a straight-headed breed 
with smooth hairy coat which has a diversity of colour 
from brown to black although all shades are of brown to 
pure white (Mwenya, 2001) and even patched patterns. 
The head is “dry” (no local fat deposits) with short and 
slightly dropped ears (<10 cm). Width of base of tail 
during the dry season reaches to 7 cm in some animals. 
Furthermore, the breed is mainly hornless, while some 
rams have small  horns.  These  animals  are  kept  under  
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free range extensive management at a village-level set-
up, where they are allowed to browse during daylight 
hours and confined within fences or huts at night. No 
routine herd-health management system is applied. 
Formal or controlled animal breeding, with selection of 
individual animals for performance is not practised, 
therefore animals run together throughout the year and 
mating is at random within the flock. This is a seemingly 
costless enterprise since the animals are kept in open air 
all year round. In the wet season the feed supply is 
assured due to the availability of green pasture, while in 
the dry period the supply is limited to grazing dry natural 
herbs. Feed supplements in form of concentrates are 
never applied. 
Diversity of indigenous sheep breeds in Zambia has not 
been sufficiently studied. The objective of this study was 
to provide information about morphological structure of 
the Fat-tailed sheep reared in the South of Zambia for the 
purposes of breed and sexual characterization, and 
furthermore utilize the calculated indices from the linear 
body measurements of both sexes to establish 
parameters for a possible productive improvement. Data 
presented here are the first report on the morphology of 
this breed.  
 
 
MATERIALS AND METHODS 
 
The studied animals are comprised of five rams and fifteen ewes 
that were traditionally managed. Only those animals considered 
pure breed and of apparent good health were considered for this 
study. The body measurements taken on each animal were: Body 
length, body weight, cannon perimeter, chest depth, head width and 
length, heart (thoracic) girth, hip length and width, rump height, 
head width and length, and withers height. The reference points 
and procedure for the body linear measurement were as prescribed 
elsewhere by Salako and Ngere (2002), Sarma (2006) and Yakubu 
(2010). Data were entered into a standard format, and later 
transferred to the computer for analysis. Thoracic girth and cannon 
perimeter were measured with a flexible tape calibrated in cm, while 
the other linear measurements were performed using a special 
metallic calliper. All measurements were taken with the animals 
standing on a flat surface with head held up although animal 
movement and variations in fleece and/or hair cover may have 
reduced the accuracy with which measurements were recorded. 
Body weight was taken using a hanging digital scale and measured 
to the nearest 0.1 kg. Pregnant females were avoided in sampling 
because of the effect pregnancy can have on somebody 
parameters. The measurement was taken during the driest part of 
the year in August 2011. Measurements were taken indistinctly by 
one or the other authors. With the data obtained from the body 
linear measurements, some ethnological and functional indexes 
were calculated (Table 1). Ethical approval was considered not 
necessary as animals were measured without any invasive or 
painful procedure after informed consent of the voluntarily 
participating owner. 
 
 
Statistical analysis 
 
Mean (X), maximum and minimum values, standard deviation (SD), 
and coefficient of variation (CV) were computed for each body 
linear measurement. This was done for each sex group. Correlation
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Table 1. The body measurement indices and their calculation (Miller et al., 1964; Alderson, 1999; Sarma, 2006). 
 
Name of body measurement index Calculation 
Body index (Body length / thoracic girth) x 100 
Cephalic index (Head width / head length) x 100 
Cranial index (Head width / head length) x 100 
Dactyl–thoracic index (Cannon perimeter / thoracic girth) x 100 
Depth index  Chest depth / withers height 
Foreleg length Withers height - chest depth 
Height index Withers height / body length 
Height slope Withers height – rump height 
Pelvic index (Hip width / hip length) x 100 
Relative cannon thickness index (Cannon perimeter / withers height) x 100 
Rump-length index (Hip length / body length) x 100 
Weight index Body weight x withers height 
 
Head length: Middle point of the nuchal crest - rostral point of mouth. Head width: Distance between two zygomatic 
arches. Head length: middle point of the nuchal crest - frontal midpoint. 
 
 
 
Table 2. The body measurements of Zambian indigenous Fat-tailed breed (ewes N=15 and rams N=5).  
 
Breed 
Body 
weight 
Heart 
girth 
Cannon 
perimeter 
Hip 
width 
Hip 
length 
Withers 
height 
Body 
length 
Rump 
height 
Chest 
depth 
Head 
width 
Head 
width 
Head 
length 
Head 
length 
EWES              
Min. 17.4 57.5 5.2 7.5 12.0 52.6 35.0 53.0 16.0 4.8 9.0 19.0 6.8 
Max. 38.8 76.0 8.0 14.5 19.6 62.0 61.5 66.1 34.0 10.0 15.5 24.4 12.6 
X 26.4 67.5 6.4 12.0 16.0 56.9 53.4 58.2 25.1 7.1 11.1 21.4 9.4 
Stand. Dev. 26.90 68.00 6.40 12.20 15.50 56.00 54.00 58.50 25.20 6.90 10.80 21.50 9.40 
C.V. (%) 20.3 8.0 12.2 16.1 13.4 5.8 11.6 6.2 18.5 17.3 15.0 7.6 17.1 
              
RAMS              
Min. 22.2 62.5 5.0 8.8 8.8 51.7 50.5 54.0 22.8 7.0 3.6 17.5 7.8 
Max. 32.1 69.5 6.8 11.5 14.2 56.3 54.5 58.3 32.1 9.3 11.0 23.0 13.7 
X 27.2 66.0 6.2 10.1 11.1 53.4 52.1 56.1 26.3 8.2 9.2 20.7 10.9 
Stand. Dev. 25.10 64.50 6.30 9.80 10.00 53.30 51.00 56.30 26.00 7.70 10.30 20.50 9.70 
C.V. (%) 16.8 5.0 12.0 13.5 23.7 3.2 3.5 2.7 13.3 12.6 34.1 11.6 24.6 
 
X, Mean; C.V., coefficient of variation. All measurements are in cm, except for body weight which is expressed in kg. 
 
 
 
indexes among the linear measurements were also calculated in 
order to proceed with a principal coordinate analysis (PCoA). The 
cluster diagram between 20 different Fat-tailed sheep was done by 
the pair method using Euclidean distances with female data only. 
Clusters were joined based on the average distance between all 
members in the two groups.The algorithm is from Davis (1986). The 
similarity/distance values were raised to the power of c (the 
"Transformation exponent") before eigenanalysis. The standard 
value was c=2 in order to decrease the "horseshoe" effect (Podani 
and Miklos, 2002). All procedures were done using the PAST 
software (Hammer et al., 2001). 
 
 
RESULTS AND DISCUSSION 
 
The average  body  measurement  results  obtained  after  
appraising are shown in Table 2 and indexes in Table 3. 
Varying range of scatter observed in the measurement 
distribution could be attributed to the fact that the animals 
under review were all raised under different management 
conditions since they were sourced from different 
households. Most likely, the observed variations in the 
measurements could have arisen due to individual 
variations since different persons performed the 
measurements. It was observed that ewes had higher 
body linear measurements values than males except for 
the head measurements. This outcome is an indication 
that some of the males are used for breeding while were 
still very young, generally under 12 months. However, if 
left  to  attain  their sexual   and   physical   maturity   their 
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Table 3. Obtained indexes in Zambian indigenous Fat-tailed breed (ewes N=15 and rams N=5).  
 
Breed 
Body 
index 
Cephalic 
index 
Cranial 
index 
Dactyl–
thoracic 
index 
Depth 
index 
Foreleg 
length 
Height 
index 
Height 
slope 
Pelvic 
index 
Relative 
cannon 
thickness 
index 
Rump-
length 
index 
Weight 
index 
EWES 
Min. 51.1 38.3 63.2 8.5 0.3 22.0 1.0 0.9 57.3 9.9 25.8 915.2 
Max. 89.7 73.5 110.0 11.7 0.6 45.5 1.8 1.0 92.4 13.4 44.3 2,405.6 
X 79.2 52.3 76.5 9.6 0.4 31.8 1.1 1.0 76.0 11.3 30.3 1,512.7 
Stand. Dev. 9.69 51.20 72.86 0.98 0.44 31.80 1.04 0.97 11.73 1.07 27.22 1,503.60 
C.V. (%) 12.2 16.8 17.0 10.2 20.6 20.5 18.1 3.1 15.3 9.4 17.3 25.0 
             
RAMS 
Min. 73.4 20.8 56.2 7.8 0.4 24.3 1.0 0.9 72.1 9.5 17.3 1,249.9 
Max. 87.2 53.4 119.2 9.8 0.6 28.9 1.1 1.0 100.0 12.8 26.9 1,710.9 
X 79.2 43.9 80.0 9.4 0.5 27.2 1.0 1.0 88.3 11.6 21.3 1,453.8 
Stand. Dev. 6.18 47.83 73.71 0.90 0.49 27.30 1.04 0.95 14.04 1.44 18.35 1,320.26 
C.V. (%) 7.8 29.9 33.8 9.6 9.8 6.5 3.4 5.5 15.9 12.4 23.5 16.2 
 
Detailed calculation is given in Table 1 for. X, mean; C.V., coefficient of variation. 
 
 
 
measurements could equally be comparable.  
The breed is clearly elipometrical since its body weight 
is lower than those of the other known breeds such as 
the Africander (Gatenby, 1991), the Awassi, Dubasi and 
Ossimi (Marai and Bahgat, 2003), the Makooei from Iran 
(Abbasi and Ghafouri-Kesbi, 2011), the Sabi from 
Zimbabwe (Wilson, 1991), the Yankasa from Nigeria 
(Salako, 2006) and the different fat-tailed sheep from the 
Horn of Africa (Wilson, 2011). Tariq et al. (2011) reported 
higher values for Mengali sheep, which is an important fat 
tail sheep breed of Balochistan (Pakistan), but it appears 
similar to the Nigerian West African Dwarf sheep (Salako, 
2006). One must have in mind that the field work was 
done during the driest season, so animals were not 
certainly in their best corporal condition. If body length, 
chest girth and wither height are considered for nineteen 
other Fat-tailed breeds (data taken from Pourlis, 2011), in 
a cluster (Figure 1) the Zambian sheep appear with the 
Ethiopian Menz breed, and more differentiated in the 
cluster than other well studied breeds, such as the pairs 
Semien and Washera, or Tikur and Wollo. This analysis 
has no classificatory purpose but it indicates that 
Zambian breed could be differentiated from other 
recognized African Fat-tailed breeds. The body length is 
similar to the withers height as such the breed can also 
be classified as mesomorphic. Their thorax is not deep, 
and the animals showed lower values at withers than at 
rump thus indicating a straight ascendance, which was 
more marked in males than females. Furthermore, the 
undertaken measurements revealed a long and narrow 
hip in the studied breed. 
Zoometric indexes are relationships among body 
measurements that are used to describe  the  proportions 
and general size of the parts of animals. In the case of 
ethnological indexes, which are related to the origins and 
characterisation of a breed (Cerqueira et al., 2011), a 
body index that is to determine an animal’s proportions 
(Cerqueira et al., 2011) was similar in males and in 
females. Lower body index values for an animal indicate 
that it is closer to being rectangular in shape and is 
indicative of better conformation for meat production 
(Cerqueira et al., 2011). The cephalic index, which 
showed lower values in males, is of ethnological 
importance, particularly because its variation is not 
influenced by environmental factors and by the animal’s 
management (Cerqueira et al., 2011). In the individuals 
studied, the length of the head was predominant over the 
width, so much so that it can be classified as 
dolichocephalic. Based on their head structure, it can 
further be classified as mesocraniot (head width and 
length similar). The pelvic index, which showed higher 
values in males, is a racial diagnostic index used to 
determine the proportionality of the hindquarters and 
could be related to reproductive capability (Cerqueira et 
al., 2011). The results showed that the length of the 
hindquarters is predominant over the width, especially in 
females. With respect to the functional indexes that are 
related to production, the dactyl–thoracic index indicates 
the degree of skeletal fineness and allows us to establish 
the relationship between the mass of the individual and 
the limbs that sustain it, so as to determine whether the 
body volume suits the osseous development (Cerqueira 
et al., 2011). The relative cannon-thickness index was 
associated with medium legs, important to grazing 
animals in large areas with low difficult access, and lower 
withers,  back  and  rump  heights.  The analysis   of   the 
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Figure 1. Cluster diagram using Euclidean distances between 20 different Fat-tailed 
sheep. Clusters were joined based on the average distance between all members in the 
two groups. ZAM, Zambian; ADI, Adilo; AFA, Afar; ARS, Arsi Bale; AWA, Awasi; BAR, 
Barki; BON, Bonga; FAR, Farta; HOR, Horro; MAH, Rahmani; MAK, Makoei; MEN, Menz; 
OSS, Ossimi; RKA, Red Karaman; SEK, Sekota; SEM, Semien; TIK, Tikur; TSW, Tswana;  
WAS, Washera; WOL, Wollo. 
 
 
 
indexes studied suggests that they are well adapted to 
their environmental conditions and suitable for a mid 
meat production. 
The PCoA scatter diagram is depicted in Figure 2. 
There was a certain disparity between the measurements 
but this could be because the animals sampled were from 
different herds raised under slightly different 
management or environmental conditions. Moreover, as 
different authors took the measurements an expected 
inter-observational error might be expected. Sexual 
dimorphism is not well marked. 
Based on the outlined data above the following 
conclusions may be drawn that the Fat-tailed sheep is a 
heteromorphic breed and which ethnologically can be 
defined as elipometrical, dolichocephalic, mesocraniotal 
and mesomorphic. These animals have a shallow thorax 
and a straight back with a long and narrow hip. The 
sexual dimporhism is not well marked, but this could have 
been due to the usage of immature males in the studied 
flocks. Significant  sexual  dimorphism  should  be  tested  
with more aged males. 
The use of young males for reproductive or breeding 
purposes could probably result in a certain “reversion” of 
(flock) quality in every subsequent generation. The best 
way of choosing the breeding males would be after they 
have bred and decisions be based on the quality of their 
off-spring. Therefore, deferrement of selection decision 
until after initial breeding is done would be the best 
approach to improved flock productivity. In summary, the 
results obtained have shown the breed to be of small 
stature, yet well adapted to their environment. 
Phenotypic differentiation between the Zambian breed 
and the other African Fat-tailed breeds can now be 
achieved on the basis of both body measurements. Small 
ruminant livestock, both sheep and goats, often are the 
only possible animal resource for agricultural enterprises 
of farmers in less favoured areas. They are often 
fundamental to the maintenance of social and economic 
dynamism in rural areas. 
This  work  can  be  considered  as  a  first  step  in  the
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Figure 2. PCoA scatter diagram in rams (n=5) and ewes (n=15) based on correlation indexes 
among the linear measurements. The similarity/distance values were raised to the power of c 
before eigenanalysis. The standard value was c=2 in order to decrease the "horseshoe" effect. 
 
 
 
characterization of Zambian Fat-tailed sheep breed, but 
further studies might extend the research to a molecular 
level and to other indigenous ovine populations in 
Zambia. Parameters of genetic variability obtained at 
microsatellites and mtDNA haplotypes can help to 
indicate the level of variation for the complete African Fat-
tailed population. The arrival of next-generation DNA 
sequencing technologies that have made available a 
growing number of single nucleotide polymorphism can 
shed new light on the genetic origins of this fat-tailed 
sheep. 
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